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Abstract: Sticky colored traps have been widely used for sampling of harmful insects in wild and cultivated plants worldwide. Colored
sticky traps could be a simple and a low-cost method for determining the relative abundance of harmful and beneficial insects, including
pollinators. However, knowledge about catches of nontargeted insects such as pollinators by colored traps is rudimentary. Trials were
conducted to evaluate the attractiveness of various colors (white, yellow, blue, and green) to some pollinating insects in apple in Adana
Province, Turkey, during 2011 and 2012. Colored plates were hung at about 1.70 m from ground level of the exterior canopy of the
selected trees at the beginning of their blooming and they were positioned toward the 4 cardinal directions. A total of 7 insect species
belonging to the families Syrphidae (6 species, Diptera) and Apidae (1 species, Hymenoptera) were identified. Pollinating hoverfly
Eristalis tenax L. and honey bee Apis mellifera L. were frequently captured, and significantly more of them were captured on white traps
(P < 0.05). Blue and green colored traps were less attractive to both pollinator species. Cardinal directions did not have a significant effect
on catches of E. tenax and A. mellifera on white traps. The use of white sticky traps may provide more ecological data for pollinators.
However, using white colored traps for mass trapping of harmful insect species in fruit orchards may be risky due to reducing their
numbers, particularly during blooming periods of the fruit orchards. Arrangements of sticky trap use prior to peak occurrence of the
pollinators would be a better approach in terms of conservation of pollinators and sustainability of ecosystems.
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1. Introduction
The honey bees being widely used are European races of Apis
mellifera L. (Hymenoptera: Apidae), which is indigenous
to Africa and the Middle East. Pollinators strongly affect
ecological associations, conservation of ecosystem and
stability, genetic variation in the plant community,
floral diversity, specialization, and evolution (Bradbear,
2009). Domestic and wild bees play an important role in
pollination of plants (Crane and Walker, 1984; Free, 1993).
In agricultural areas, bees are necessary for the pollination of
many cultivated crops and for sustainability of biodiversity
in noncultivated areas (Crane, 1975; Robinson et al., 1989;
Bradbear, 2009). Bees including A. mellifera visit apple
flowers and they have a great contribution to pollinations of
apples in Turkey (Özbek, 1997). Unfortunately, densities of
bee pollinators including A. mellifera have been declining
dramatically for 30 years in Turkey (Özbek, 2002).
European hoverfly or dronefly, Eristalis (Eritalomia)
tenax (Linn. 1758) (Diptera: Syrphidae), is also considered
an important pollinator of many crop plants and
wildflowers. E. tenax has been used for pollinations of
carrot, onion, and turnip rape (Schittenhelm et al., 1997).
This pollinating hoverfly has also been suggested as an
* Correspondence: eatakan@mail.cu.edu.tr
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efficient pollinator of sweet pepper in greenhouses (Jarlan
et al., 1997a) and of apple trees (Kendall et al., 1971).
Sticky traps could be an effective tool to monitor
the presence and absence of beneficial insects and their
numbers (Wallis and Shaw, 2008). Measurable spectral
reflectance of the colored trap affects the attraction of
diurnal insect species (Vernon and Gillepsi, 1990; Childers
and Brecht, 1996). Traps based on the response of insects
to color have been applied widely in various crops (Gerling
and Horowitz, 1984; Hill and Hooper, 1984; Chandler,
1985; Meyerdirk and Oldfield, 1985). Use of yellow sticky
traps is a considerable tool in terms of pest management
and they have been used commercially to catch some
sucking pest such as whiteflies, aphids, leafhoppers, thrips,
and leafminers and some fruit flies (Diptera: Tephritidae)
(cherry fruit fly, Rhagoletis cerasi (L.), Mediterranean fruit
fly, Ceratitis capitata Wied, and olive fruit fly, Bactrocera
oleae Gmel) in Turkey (Tezcan and Gülperçin, 2000; Hazır
and Ulusoy, 2012). Additionally, white, blue, red, and green
colored traps are commercially available for the control of
some insect pests in Turkey.
Colored sticky traps could be a simple and lowcost method for determining the relative abundance
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of beneficial insects including pollinators. Yellow was
especially effective in capturing parasitic Hymenoptera
(Thomson et al., 2004). Mondor (1995) reported that high
numbers of hoverflies (Syrphidae) were caught by sticky
red spheres in an apple orchard in Bremden, Manitoba,
Canada. Syrphidae and hymenopteran species have been
trapped during the catches of apple maggot fly, Rhagoletis
pomonella (Walsh) (Dolphin et al., 1970). Despite the use
of sticky traps for capturing harmful pest insect species,
catches of nontargeted insects, such as pollinators and
predators, have been ignored. Mass trapping of beneficial
or nontargeted insects by sticky traps may have negative
effects, such as reducing their numbers, thus leading to an
increase of the pest numbers (Mondor, 1995). Knowledge
of color attractiveness to pollinators may be helpful to
arrange selection of trap color and timing of trap placement
in fruit orchards in the region.
The main objective of this study was to determine
the efficacy of 4 colored traps in capturing A. mellifera,
E. tenax and to assess effects of cardinal directions on
the capturing of the 2 insect species. Obtained data may
be useful for evaluation in the conservation of beneficial
insects in Turkey or other countries sharing similar
ecological conditions.
2. Materials and methods
2.1. Experimental design
The Balcalı location is characterized by high crop
diversity: winter and summer field crops, temperate fruits,
and citrus and vegetables are cultivated commercially
or experimentally here, as this location is the research
and implementation site of the Faculty of Agriculture of
Çukurova University. Apple was selected to establish field
experiments because apple is the first flowering crop plant
in the area.
All trials were carried out at the Research and
Implementation Area of Horticulture Department, Faculty
of Agriculture, Çukurova University in Adana Province,
Turkey, in 2011 and 2012. The experimental apple area
covers 0.05 ha and it is surrounded by various experimental
fruit crops such as nectarines and plums in small acreages.
Trees of the early Anna apple variety were nearly 15 years
old. The planting distance of trees is 2 × 3 m. There were a
total of 4 rows and 14 trees per row. Two middle rows were
selected to establish the experiment. Two middle trees in
a row were selected to suspend the colored plates (15 × 20
× 0.3 cm), representing 4 colors. There was 9 m of distance
between 2 trees with colored plates. No plant protection
products were used against harmful organisms during the
study in either year.
2.2. Sampling of insects on traps
Trials were conducted in 2011 and 2012 to evaluate the
capturing efficacy of the 4 colors for the 2 pollinating

insect species. Trials in both years were planned at the
beginning of the blooming stage of trees from 6 March
until 19 April in 2011 (total of consecutive 14 sampling
dates) and from 2 March until 30 April in 2012 (total of
consecutive 15 sampling dates). Sixteen colored plates
(4 white, 4 yellow, 4 blue, and 4 green colored traps in
each trial), which were double-coated with special sticky
material (Kapar Organik Tarım, Ankara, Turkey), were
hung near the exterior of the canopy of untreated selected
apple trees, at about 1.70 m above ground level, using a
piece of wire. In total, 4 traps representing 1 Plexiglas plate
of each of the 4 colors were suspended near the exterior
of the canopy on each of the 4 apple trees. Plates of each
color were positioned in the 4 cardinal directions. One
colored sticky trap was positioned per cardinal direction
of each tree. Thus, each color was replicated 4 times in a
trial. A trial was repeated twice at 3- or 4-day intervals in
a week. Traps were replaced with new ones on sampling
dates between 0900 and 1000 hours. Colored traps were
transported to the laboratory. Insects on the traps were
removed by kerosene, washed into petri dishes with
absolute ethyl alcohol (96%), and held until the specimens
became absolutely clear. Identified specimens were stored
in a collection in the Entomology Laboratory.
We also noted both harmful and beneficial insects in
one inflorescence or young shoot in each of the cardinal
directions during the field studies. Phenological status of
trees was also noted during the trials. No plant protection
product was used against harmful organisms during
the study in either year. Climatic data were obtained
from the Meteorological Station at the Research and
Implementation Area of the Agricultural Structures and
Irrigation Department, Faculty of Agriculture, Çukurova
University, Adana, Turkey.
2.3. Insect identification
Hoverflies (syrphids) were identified by Prof Dr A Faruk
Özgür (retired). All identified specimens are preserved in
the collection in the Entomology Laboratory of the Plant
Protection Department of Çukurova University, Adana,
Turkey.
2.4. Data analysis
All ANOVAs were done at a significance level of P <
0.05 by use of SPSS (SPSS, 2006). A general linear model
(GLM-ANOVA) procedure was used to measure effects
of color and cardinal directions and the interactions
between colors and cardinal directions. Data were pooled
over sampling dates because of low numbers of insects
representing each taxon on the traps for some sampling
dates. Some sampling dates were not considered in the
analysis because no insects were found on most of the
traps. Comparisons of mean numbers obtained in trap
samplings were done using Tukey’s honestly significant
difference (HSD) test.
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3. Results
3.1. Syrphidae and Apidae species on traps
Adults of insect species belonging to the families Syrphidae
and Apidae are often considered as flower visitors.
Excluding Eristalis tenax, larvae of other species are well
known as predators primarily feeding upon on aphid
species. A total of 7 beneficial insect species belonging to
the families Syrphidae (6 species) and Apidae (1 species)
were identified in 2011 and 2012 (Table 1). E. tenax was the
more common Syrphidae species in the traps. Only Apis
mellifera as a bee species was recorded on all traps during
the trap samplings in both years. No wild species of bees
were detected on any traps during the study. E. tenax and
A. mellifera were widely captured on the traps with 4 colors
in both years. Other identified Syrphidae species, such as
Episyrphus balteatus (De Geer) and Metasyrphus corollae
(Fabric.), which are commonly found in the agricultural
areas in this region, were scarcely detected on the traps.
Total numbers of insect families representing pollinators
are given in Figure 1. Most of Syrphidae specimens were
captured on white traps, and this was followed by yellow
traps during 2011–2012 (Figures 1A and 1B). Similarly
to the family Syrphidae, seasonal densities of Apidae (A.
mellifera) were higher on white traps than on the other
colored traps (Figures 1A and 1B).
Overall numbers of the A. mellifera and E. tenax
captured on the different colored sticky traps are given in
Figure 2. Color was a significant factor in catches of the 2
targeted pollinators using the sticky traps in both years.
Significantly greater numbers of A. mellifera were captured
on white traps compared to yellow, green, and blue traps
in both years (in 2011: F = 13.606, df = 3, 140, P < 0.001; in
2012: F = 21.888, df = 3, 140, P < 0.001; Figures 2A and 2B).
Mean densities of E. tenax on white and yellow traps were

similar but significantly greater than on blue and green
traps in 2011 (F = 11.190, df = 3, 140, P < 0.001; Figure
2A). In 2012, E. tenax abundance was relatively lower than
that of the previous year (Figure 2B). Mean density of E.
tenax caught by white traps was significantly higher than
on yellow, blue, and green traps (F = 11.316, df = 3, 380,
P < 0.001). Blue and green were the least attractive to E.
tenax adults in both years.
3.2. Abundance of insect pollinators on traps
Mean numbers of A. mellifera and E. tenax on the traps
(data pooled), according to plant phenology and climatic
data during the sampling years, are given in Figure 3. Both
pollinating insect species appeared in the experimental
area at the preblooming stage, i.e. bud formation. The
majority of A. mellifera and E. tenax individuals were
captured on the traps in the blooming period. No or very
few numbers of pollinators were detected on the traps
in the fruiting formation stage of trees in both years,
indicating that pollinators mainly visit flowers. Population
densities of both pollinators on the traps were lower in the
rainy period and low daily average temperatures ranging
between 6 and 14 °C in March in 2012, as compared with
data of previous year (Figure 3).
Monthly mean numbers of A. mellifera and E. tenax
captured by the colored sticky traps are present in Table
2. A. mellifera adults (female + male) were collected from
all colored traps in March in both years (Table 2). No
individuals of A. mellifera were collected from any colored
traps in April in either year. Similarly, individuals of E.
tenax (female + male) were captured mainly on all colored
traps in March in both years (Table 2). Few numbers of
E. tenax were detected on white, yellow, and blue traps in
April in both years. High numbers of A. mellifera, with
means of 1.57 and 1.00 individuals per trap in 2011 and

Table 1. List and total numbers of beneficial insects belonging to families Syrphidae and Apidae captured on the
colored sticky traps suspended on the apple trees during 2011 and 2012 in Adana Province, Turkey.
2011
Species Order/family

2012

White

Yellow

Blue

Green

White

Yellow

Blue

Green

Episyrphus balteatus (De Geer)

7

1

1

0

2

1

0

0

Eristalis (Eristalomia) tenax (L.)

66

44

5

2

28

13

4

0

Melanostoma mellinum (L.)

1

0

0

0

0

0

0

0

Metasyrphus corollae (Fabric.)

0

0

0

0

1

0

0

0

Scaeva selenitica (Meigen)

2

0

0

0

0

0

0

0

Spaerophoria scripta (L.)

4

1

0

0

0

0

0

0

Apis mellifera L.

55

11

22

11

36

12

4

6

Total

135

57

28

13

67

26

8

6

Diptera/Syrphidae

Hymenoptera/Apidae
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A

Mean no. of pollinators per traps

Total no. of pollinators on traps

A

B

a

a
b

b
b

b
b

Apis mellifera

b

Eristalis tenax

B
a

b
b

a
b

Apis mellifera

b

b b

Eristalis tenax

Figure 1. Total numbers of 2 insect families representing
pollinators captured by the various sticky colored traps suspended
on apple trees during (A) 2011 and (B) 2012.

Figure 2. Seasonal mean numbers ± SEM of 2 pollinating insect
species captured by various sticky colored traps suspended on
apple trees during (A) 2011 and (B) 2012. Bars with the same
letters are not statistically different according to Tukey’s HSD test
(P < 0.05).

2012, respectively, were detected on white traps (Table 2).
High numbers of E. tenax, with means of 1.42 and 0.55
individuals per trap in 2011 and 2012, respectively, were
captured on white traps (Table 2).
3.3. Effects of cardinal direction on capture of
pollinators by colored traps
Cardinal direction and cardinal direction × color were
important components in terms of catching A. mellifera
with the traps (Fcardinal direction = 5.441, df = 3, 96, P < 0.01;
Fcardinal direction × color = 5.507, df = 9, 96, P < 0.001). Cardinal
direction did not affect catching of E. tenax by the traps
(Fcardinal direction = 4.408, df = 3, 96, P > 0.05) but cardinal
direction × color was an important component in terms of
catching of E. tenax by the traps (Fcardinal direction × color = 6.097,
df = 9, 96, P < 0.001).
Effects of cardinal directions on catches of A. mellifera
and E. tenax individuals by the sticky colored traps are
presented in Figure 4. Yellow and blue traps facing east had
greater numbers of A. mellifera (F = 8.000, df = 3, 24, P <
0.01; F = 15.745, df = 3, 24, P < 0.001, respectively; Figure
4A). Yellow, blue, and green plates for each direction
caught similar numbers of E. tenax individuals. White
traps suspended on branches positioned east, north, and
south trapped similar numbers of E. tenax but captured
significantly more than did the traps facing west (F =
11.154, df = 3, 24, P < 0.001; Figure 4B).

4. Discussion
Eristalis tenax appeared to be relatively more common on
all the colored traps tested in this study. E. tenax has an
important role in pollinating crop and wild plants species.
Numbers of other identified syrphid species such as E.
balteatus and M. corollae, which are often considered as
predaceous, preying primarily on aphids and commonly
seen in the region, were low during the trap trials. This
may be due to the presence of fewer numbers of their preys
on the trees throughout sampling periods in both years.
Blue and green colored traps captured fewer honey
bees, while white colored traps were the most attractive
to the bees (Figure 2). Similarly, Rodriguez-Saona et al.
(2012) reported that honey bees were most captured by
white traps and were less attracted to or repelled by green,
yellow, and red colored stick traps suspended on cranberry
marshes. They also added that flight activities of A.
mellifera decreased after the bloom. In the current study,
the reason for catches of greater numbers of honey bees on
white traps may be due to the flower color of apple (white
color) (Lunau and Maier, 1995). Additionally, Knight and
Miliczky (2003) commented that the bees might have
learned that white flowers are important sources of pollens
and nectars. Furthermore, white traps reflect a very wide
range of light wavelengths compared to the colored traps
(yellow, blue, green, and red), which explains the high
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2012
Average temp. (°C)

Relative hum. (%) or rainfall (mm)

2011

March

March

April
Apis mellifera

Mean no. of pollinators per trap

Bud
stage

Blooming

Eristalis tenax

Fruit formation

March

April

Apis mellifera

March

April

Bud
stage

Blooming

Fruit formation

March

April

Eristalis tenax

April

March

April

Figure 3. Mean numbers of Apis mellifera and Eristalis tenax captured by the sticky traps suspended on
apple trees in 2011 and 2012. Data were pooled over traps representing 4 colors.

attraction of this trap color to a wide range of hymenopteran
species (Clare et al., 2000), despite some differences shown
between the types of bees to other trap colors. The green
and blue traps were less attractive to A. mellifera.
Eristalis tenax was more active in the experimental area
during the early spring (March) and was often recorded
on white traps in both years (Figure 2). Blue and green
colored traps were less favorable to E. tenax adults (Figure
2). However, in a previous study, adults of a hoverfly
species identified as Toxomerus marginatus (Say) (Diptera:
Syrphidae) were more active during blooming, and blue
traps were the most attractive to adults of T. marginatus,
followed by white traps placed in cranberry marshes in New
Jersey, USA (Rodriguez-Saona et al., 2012). The study of
Hoback et al. (1999) revealed that blue colored sticky traps
were more preferred by hoverfly Allograpta obliqua (Say)
(Diptera: Syrphidae), the adults of which are considered
important agents in the cross-pollination of some plants
and the larvae of which are important predators, feeding
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primarily on aphids (Rojo et al., 2003), in broccoli fields in
Maricopa, AZ, USA. Observed differences among studies
may be attributed to different ecological conditions and
different hoverfly species. In the current study, blue traps
being less attractive to E. tenax may be an important issue
because E. tenax has great importance for pollinations of the
sweet peppers grown in greenhouses (Jarlan et al., 1997a,
1997b) and of various arable crop plants (Pérez-Bañón et
al., 2003, 2007; Rader et al., 2009); thus, use of blue colored
traps in protected areas may be meaningful. Blue traps are
used commercially for mass trapping of phytophagous
thrips species in protected areas worldwide. The same
situation may be valid for field conditions, as shown in the
current study. Additionally, the white and yellow colored
traps that captured high numbers of E. tenax would not
be suitable to sample either beneficial and harmful insects
when the syrphid flies, honey bees, and other flower visitors
are more active and more abundant on fruit trees with
blooms in the region.
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Table 2. Monthly mean numbers ± SEM of 2 pollinating insect species captured on the colored sticky traps
suspended on apple trees during 2011 and 2012 in Adana Province, Turkey.
March
Year

Insect species

Trap color

Total no.

Per sample

Total no.

Per sample

2011

Apis mellifera

White
Yellow
Blue
Green
White
Yellow
Blue
Green
White
Yellow
Blue
Green
White
Yellow
Blue
Green

55
11
22
11
60
43
5
2
36
12
4
6
30
14
3
0

1.57 ± 0.19
0.31 ± 0.10
0.62 ± 0.18
0.31 ± 0.14
1.42 ± 0.31
1.02 ± 0.26
0.11 ± 0.06
0.04 ± 0.03
1.00 ± 0.13
0.33 ± 0.07
0.11 ± 0.05
0.16 ± 0.06
0.55 ± 0.10
0.25 ± 0.08
0.05 ± 0.03
0.00 ± 0.00

0
0
0
0
6
1
0
0
0
0
0
0
1
0
1
0

0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.31 ± 0.15
0.05 ± 0.05
0
0
0
0
0
0
0.02 ± 0.02
0
0.02 ± 0.02
0

Eristalis tenax

Apis mellifera

2012

Eristalis tenax

A

Apis mellifera

a

a a

a
Mean no. of pollinators per trap

April

a

b

a

b

b

a

a a

a

bb b

B

Eristalis tenax
a

a

a
a
a
b

a

a
a

a a

a

a a a

Figure 4. Effects of cardinal directions on catches of mean
numbers ± SEM of pollinating insect species, (A) Apis mellifera
and (B) Eristalis tenax, by sticky colored traps suspended on
apple trees during 2011 and 2012. Bars with the same letters are
not statistically different according to Tukey’s HSD test (P < 0.05).

Based upon the data obtained in trap trials, the
population fluctuations of A. mellifera and E. tenax on
the traps (data pooled) suspended on the apple trees were
similar in the 2 experimental years, but their seasonal
abundance was lower in 2012 (Figure 3). This may be due
to the presence of the rainy period and lower daily average
temperatures in March of 2012, negatively affecting
seasonal occurrence and densities of the pollinators,
especially A. mellifera adults.
Impacts of cardinal directions on trap capture of
insect pollinators were not clear, although there were
some statistical differences. Numbers of A. mellifera adults
caught on white traps were similar in each direction,
indicating that A. mellifera visit all sides of the trees (Figure
4A). However, the reason why blue and yellow traps facing
west captured higher numbers of A. mellifera remains
unknown. Adults of E. tenax also visit flowers from all
cardinal directions of the apple trees (Figure 4B).
Mortality of trapped honey bees is undesirable, although
the number of the A. mellifera removed seems unlikely to
have had significant impacts on pollination. Hence, mean
numbers of the captured A. mellifera or E. tenax were less
than 2 individuals per trap. In our region, honey bee hives
are established in fruit orchards at the blossom stage of fruit
trees such as apples and citrus or in weedy field margins
in early spring time. Recently, use of colored sticky traps
in insect pest control programs in arable crops including
fruit trees has spread massively to control harmful insect
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species such as thrips (Thysanoptera). Mass trapping of
harmful insect species requires use of high numbers of
sticky plates with attractive colors such as white and thus
we can estimate high catches of the pollinators (mainly A.
mellifera and E. tenax), finally resulting in a decrease in
population densities of pollinators and other insect species
visiting flowers in the region.
Consequently, use of white traps may provide more
ecological data concerning knowledge of absence/
presence, seasonal occurrence, and population dynamics
of A. mellifera and E. tenax in fruit orchards in the region
and also in other geographical areas sharing similar
ecological conditions. Furthermore, white traps may
especially be an indicator of detection of activities of the
insects pollinators and flowers visitors. However, use of
white traps may be risky due to traps reducing densities of

nontargeted pollinators in orchard ecosystems. Use of the
colored traps prior to peak occurrence of the pollinators
would be a better approach in terms of conservation of
pollinators and sustainability of ecosystems.
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